The method of demonstrating the structm'e which exists in any particular metal or alloy at high temperatures by etching a polished sample while it is being heated at the desired temperature is quite famiHar to metallographists. The usual method of procedure * is to heat the specimen previously polished for microscopic examination in a neutral atmosphere (hydrogen or nitrogen) to the desired temperature, then to admit the etching gas (chlorine, hydrochloric acid, or similar gas) for a few seconds, and after flushing out the etching gas with the neutral one, and finally to cool the specimen in the neutral atmosphere. The etch pattern produced by etching at any definite temperature is usually taken as a record of the microstructiure which prevailed at that temperature.
It has been pointed out frequently that changes in composition of the surface metal occur during the preliminary heating in the neutral atmosphere, so that the appearance produced by the etching at high temperature may not be truly representative of the condition of the interior of the specimens.
To overcome this uncertainty the heating has at times been done in vacuo, 2 the etching gas admitted when the desired temperature was reached, and then pumped out; the specimen then cooled in vacuo.
1 N. Gutowsky, Uber die Structur des Stahlen bd hohen Tempcraturen, Metallurgie, 6, p. 743; 1909. H. Hanemann, Etching at High Temperatures, Inter. Zeit. Metallographie, 3, p. 176. 2 N. Tschischewsky and N. Schulgin, Jour. Iron and Steel Inst., 95, p. 189; 19x7. 150058°-20 The specimen shown in Fig. 2 illustrates this, and also shows that no characteristic crystal form corresponds to the so-called j8 range. The appearance is the same as that of specimens heated at a temperature well below A2 (Fig. 3) , and also of samples polished and etched under ordinary conditions. This observation confirms that of Rosenhain and Humfrey® in this respect.
In Fig. 3 is shown the surface of a polished specimen heated to 700°C. The network outlining the arrangement of the crystals showed faintly even at this relatively low temperature.
The surface of freshly heated specimens often has a "matt finish " appearance, and when viewed at an oblique angle is seen to be considerably roughened. The volatilization which occurs at high temperature, as shown in Fig. la ;^'
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•'^"^> fe. Upon heating a polished specimen of this material above the Aci transformation the surface takes on the appearance shown in Fig. 7a , which is very similar to that produced by heating below Aci. The position of the preexisting pearlite islands is clearly indicated.
It will be noted that the network which marks the boimdaries of the ferrite crystals is now continuous through the pearlite areas instead of around them. This is best seen at a higher magnification as in Fig. 76 . When the surfacfe is etched after heating -^t hat is, without any polishing-the appearance is the same as is shown in Fig. 66 (Fig. 8a) ; all the pearlite has been removed to a considerable depth, as is shown in Fig. 86 , which shows a section of the specimen perpendicular to the polished face. The normal appearance of the material is shown in the lower portion of the micrograph. The boundary between the outer, or carbonless, metal and the inner normal material is very clearly defined. The change from the outer zone to the unchanged metal of the interior is very abrupt and not a gradual one.
In Fig. ga is shown the pattern developed by heat relief on the polished surface by heating above the Acg transformation. The more clearly defined network corresponding to the 7 condition is superimposed upon a less distinct one which shows the characteristic outlines of the a crystals. In Fig. gh The twin crystal (Fig. 96) , which had its origin when the steel was in the 7 state, is seen to cut through the preexisting islands of pearlite and to bear no relation to them. It should be borne in mind, however, that the carbide has been removed from the siuiace material, probably before the change to the 7 state is brought about, as has been described above.
III. NATURE AND EXTENT OF THE SURFACE CHANGES UPON HEATING
The magnitude of the change (apparently decarburization) which occurs in some samples (Fig. 8) 
